PURIFICATION  AND  CHARACTERIZATION  OF 
c.  lum  usi  M  TOXINS 

Ed»«rri  J.  Srhanla 

I '.S«  Amur  Hhtfouhnl  Ijtimralorics 

Five  of  lit**  six  (v|h  s  of  Cli>\lrhtimn  Ih ifiiliiinm  toxin  tlkit  an*  noxv  miiuni/itl 
haw  Ih  *  n  nhl.timd  in  a  nxere*  or  loss  purified  form:  They  art*  txpe**  A,  li.  ('.  D.  L 
Tlr  rm  i'tly  ilisi  nviTisI  typo  I*  lias  not  Ix-rn  purified  TIx*se*  toxins  ar<*  Scrined  "Yxo* 
toxins.**  lint  an*  !il wr;it*-<l  into  the  culture  nniliitin  upon  nnlolysis  after  tin*  eiilturc 
has  crown  .uni  not  from  the  intaet  tell  as  tin-  term  “exotoxiu**  would  imply.  The 
fonn.ilioli  of  the  toxins  is  not  nmlerslmecl.  lint  it  is  proleahle  that  they  are*  formed 
ill  (onlhinalioii  with  tlx-  e*ll  proteins  and  are  Iil-r.ite-el  hv  eiizxim-s.  Amellx-r  possi- 
hilitv  is  that  they  are  loniii'd  in  toniunetiou  with  a  phage  ami  sul>sec|uenlly  are 
iiliernted  hy  i  n/xnies.  Whatever  mechanism  is  inxohed.  type  K  is  ait  exception  in  that 
its  full  toxic  ily  Im'ioiiii-s  available  only  after  treatment  xxith  trypsin.  This  fact  wax 
originally  pointed  out  hy  Dull.  Wright.  and  Yuriu»ky!  at  Fort  De-trick.  Roiiwiitrc 
and  Kenijw-  oliM  rxed  that  all  types  are  activated  hy  enzyme  action  ami.  with  tlie 
rxci-ptiem  of  type*  K.  tlu-se  en/ynies  Income*  axaiTao'e  a  cells  atilnly/c.  . 

Many  attempts  haw  lx-*ii  made  to  purify  tin*  toxins.  Xnipr  and  Soiiiiiut1  rein* 
cvntratisl  the  toxin  hy  isoelectric  precipitation  with  acid  at  pll  3.5.  While  working 
at  Fort  D*  trick.  I.aiii.inii.c  and  emeurkers'  obtained  type  A  in  erystalline  form. 
Jailer  type-  B  was  piirilied  hy  I  aiiiaim.i  and  Classman.'  hut  not  in  crystalline  form. 
I’urifie  at  ion  of  type  C  hy  extraction  of  the  toxin  from  washed  cells  was  reported  hy 
Bomir  et  al.'*  and  l>v  Katitclid  Since  1050.  types  A.  B.  (!.  1).  and  K  have-  Ixs-n  ol>- 
aim  d  in  a  highly  purified  iorm  at  Fort  IVtrie  k  hy  Dr.  Creerge*  Wright  and  his  co- 
workers  for  the  purpose  of  preparing  high  cpiality  toxoids.  Type  F.  xc.is  also  isolated 
hy  Oilman  and  his  eoworkers  at  tin-  I'liive-rsity  cif  British  Colunilria.” 

The  isolation  of  these  toxins  has  invoked  a  variety  of  tcchiiicpies  including 
isoelietrie  precipitation  with  .aid.  shaking  with  chloroform,  precipitation:  with  etha¬ 
nol.  high-speed  centrifugation,  precipitation  and  c rvstulliz.itioil  from  sail  solutions 
ami  extraction  with  salt  solutions,  and.  recently,  chromatography  on  modified  cellu¬ 
lose*.  The  main  steps  in  the  purification  procedure  of  each  type  arc*  reviciwcel  briefly 
w.  •  : 

l.aiuunn.t  was  successful  in  isolating  type  A  in  crystalline  form  hy  precipitation 
with  ai  id.  shaking  xvitli  c  hloroform,  amt  crystallization  from  ammonium  sulfate  solu¬ 
tion.  Com  urr*iitly  Ahrains.  Kegrles.  ami  I  lottle;*  isolated  tlu*  toxin  in  crystalline 
form  hut  precipitated  the  toxin  with  sodium  sulfate  instead  of  shaking  xxith  chloro¬ 
form.  Dulf  et  al.”'  improved  tlx*  method  of  pre  paration  ami  employed  acid  precipi¬ 
tation  at  pi  I  5.5.  extraction  of  tlx*  toxin  in  IMITa  M  calcium  chloride,  acid  precipita¬ 
tion  at  pll  3.7.  precipitation  with  15  percent  ethanol  at  -3cC.  and  finally  crystalliza¬ 
tion  from  0 !)  M  .iiiinionimii  sulfate  solution.  The  original  purific  atiou  of  tlx*  type 
B  toxin  hy  ('.I.ismii.iii  and  I  ainanii.i  invoked  acid  precipitation  at  pll  3.5.  extraction 
of  the  toxin  at  pll  2.  and  re-precipitation  of  tlx*  toxin  xvitli  acid  at  pH  4  and  a  second 
time  at  pll  5.  Dull  et  al.”  employed  practically  tlx*  same  procedure*  they  used  lor 
the  purification  ol  txpe  A  except  that  they  did  not  crystallize*  tlx*  type  B  from  am¬ 
monium  sidtatc*  solution,  (‘.irdellu  <  t  al.:-  purified  type  C  hy  precipitation  of  the 
toxin  Iroin  tlx*  culture  in  25  percent  e  thanol  at  -5;C,  extraction  of  the: toxin  Irom 
this  pre-c ipii.ite  xvitli  0.05  M  c.ileium  chleericle*  at  pll  5.0.  and  re-precipitation  of  the* 
toxin  xxith  15  ix-ree-ut  ethanol  at  -5'<*.  (ardell.c  et  al.,::  also  purific*cl  type*  D  hy  a 
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procedure  very  similar  to  that  for  the  type  C.  The  procedure  involved  precipitation 
Of  the  toxin  from  the  culture  with  25  percent  ethanol  at  -5*C,  extraction  with  0.075 
M  calcium  chloride  at  pH  65,  and  reprrcipitation  «>f  the  toxin  with  10  percent 
ethanol  at  -5*G  Another  precipitation  with  ethanol  at  10  percent  was  used  for  the 
type  D.  Fiock,  Yarinsky,  and  Duff,14  and  Gordon  ct  aU*  isolated  a  highly  purified 
lorin  from  type  E  cultures  after  treating  the  culture  with  0.1  percent  trypsin  (pH 
6.0)  for  2  hours  at  37*  C.  Their  procedure  involved  precipitation  of  the  toxin  from 
the  culture  with  ammonium  sulfate  at  60  percent  saturation,  extraction  of  the  toxin 
from  this  precipitate  with  0.075  M  calcium  chloride,  pH  6.0,  and  precipitation  of 
the  toxin  with  ethanol  at  25  percent  at  -5'C.  Gerwing,  Dolman,  and  Amott,14  and 
Cerwing  and  Dolman  and  coworkers1  r  obtained  highly  purified  type  E  toxin  by 
precipitation  of  the  toxin  from  the  culture  with  ammonium  sulfate  and  chroma¬ 
tography  of  the  toxin  on  DEAE  cellulose.  Attempts  in  our  laboratory  *o  purify  type  A 
toxin  by  chromatography  on  anion-exchange  resins  were  not  successful  however. 

Apparently  the  chemical  and  physical  properties  of  the  different  types  vary 
enough  so  that  no  one  universal  procedure  can  be  used  for  all  types.  The  details 
of  the  chemical  and  physical  properties  are  discussed  subsequently. 


ASSAY  PROCEDURES 

When  work  is  carried  out  on  the  purification  and  characterization  of  the  toxins, 
reliable  assay  methods  are  essential.  In  general,  we  use  the  quantal  mouse  assay;  a 
mouse  unit  (MU),  or  LDsn,  is  defined  as  the  amount  of  toxin  that  will  kill  50 
percent  of  a  group  of  mice  within  96  hours.  Serial  dilutions  of  a  toxin  solution  are 
made  in  distilled  water  or  in  a  gelatin-phosphate  buffer  (0.1  percent  gelatin  in  0.05 
M  sodium  phosphate  at  pH  6.8)  and  adjusted  so  that  the  challenge  dose  is  contained 
in  0.5  milliliter.  White  mice  weighing  16  to  20  grams  are  injected  intraperitoneally 
with  0.5  milliliter  of  the  solution  to  be  assayed.  Eight  or  ten  mice  arc  usually  used 
in  each  group  and  deaths  are  recorded  for  96  hours.  The  percent  kill  is  plotted 
against  the  dose  on  probit-log  dose  paper  with  the  probit  for  100  percent  kill  taken 
as  the  probit  for  5  out  of  6  killed  plus  J»  probit  unit,  and  the  probit  for  0  percent 
lull  taken  as  the  prohit  of  1  out  of  6  killed  minus  &  probit  unit.1*  The  best  straight 
line  is  fitted  by  inspection  and  the  dose  corresponding  to  probit  50  percent  is  read 
off  the  graph.  A  plot  of  this  type  is  shown  in  Figure  l.  A  precision  of  ±25  percent 
is  attainable  with  10  mice  on  each  dilution  and  sufficient  dilutions  are  used  (at 
least  three)  on  each  side  of  the  50  pTcent  point  to  define  the  course  of  the  li*e. 
For  assaying  cultures  of  partially  purified  preparations  or  food  materials  in  our  Labor¬ 
atory,  dilution  with  either  buffer  or  water  has  been  found  satisfactory,  hut  for  assay¬ 
ing  highly  purified  preparations  of  the  toxin,  it  is  recommended  that  the  above 
gelatin-phosphate  buffer  be  used. 

A  much  more  rapid  method  of  assay  was  studied  at  Fort  Detrick  (DeArmon  et 
al.,10  Lamanna  ct  al.=#)  in  which  the  time  from  challenge  to  death  was  taken  as 
a  measure  of  the  toxin  concentration.  The  assay  is  applicable  to  solutions  containing 
between  100  and  100,000  LD.((  in  0.5  milliliter.  In  this  assay  50  mice  (for  a  ±40 
percent  error)  are  injected  intraperitoneally  with  0.5  milliliter  of  the  solution  to  be 
tested  and  the  time  from  challenge  to  death  is  observed  at  5-  to  10-minute  intervals. 
The  relationship  between  time  to  death  and  dose  is  illustrated  in  Figure  2.  The 
values  (or  the  MU  in  this  figure  are  based  on  the  quantal  assay.  This  assay  has  the 
important  advantage  of  obtaining  an  answer  within  about  1  to  4  hours,  whereas  the 
quantal  (all  or  none)  assay  requires  90  hours.  In  the  quantal  assay  most  of  the 
mice  die  in  the  first  48  hours.  The  disadvantage  of  the  time-to-death  assay  is  that 
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the  animals  must  be  observed  continually  over  the  time  period,  whereas  daily  obser¬ 
vation  is  sufficient  for  the  quanta!  assay.  The  precision  of  the  quanta!  assay  is  greater 
particularly  when  a  low  percentage  error  is  desired.  If  large  errors  ( ±40  percent)  can 
be  tolerated,  both  methods  give  about  the  same  precision  for  an  equal  number  o i 
animals.  Table  1,  presented  as  a  guide  only,  shows  the  calculated  number  of  animals 
necessary  for  a  certain  precision  for  the  two  methods.  It  is  based  on  data  obtained 
on  several  hundred  animals.1*  It  should  be  pointed  out  that  a  linear  response  can  be 
accepted  only  within  certain  parameters  and  even  within  these  parameters  the 
response  only  approximates  linearity. 


Figu-u  I  —  Typical  quantal  (all-or-nona)  raipomo  of  mica  to  dilutions  of  a  culturu  of  typo  A 
botulinum  toxin.  From  preliminary  trials  ths  cuituro  was  estimated  to  contain  about  2  x  10*  MU 
per  milliliter  and  dilutions  were  made  accordingly.  In  this  particular  experiment  79  ot  80  mice 
died  at  0.5  x  10"  dilution,  $5  of  90  at  10",  43  of  55  at  1.5  x  10",  26  of  45  of  1.75  *  10", 

and  23  of  SO  of  2  x  10". 

On  several  occasions  the  question  of  a  standard  method  of  assay  has  been  raised. 
Boor,  Tresselt,  and  Schantz21  have  shown  that  many  factors  affect  the  results  of 
assay.  A  well-defined  medium  and  procedure  for  assay  would  be  helpful  in  obtaining 
consistent  results  and  in  comparing  results  between  laboratories,  but  the  variability 
of  animals  from  different  sources  would  necessitate  the  use  of  a  referent*  standard 
toxin  solution  to  make  the  comparisons  valid.  A  similar  situation  was  encountered  in 
the  results  of  mouse  assays  for  the  paralytic  poison  in  shellfish  products.  When  a 
chemically  defined  pure  poison  was  used  as  a  standard,  satisfactory  results  between 
laboratories  were  obtained. 22  At  present,  it  should  be  possible  to  use  the  type  A 
crystallized  botulinum  toxin  as  a  standard  for  comparison.  The  purification  and 
crystallization  of  many  hatches  of  the  toxin  in  our  laboratory  have  shown  that  the 
toxicity,  ultra-violet  absorption,  sedimentation,  and  other  properties  define  the  puri¬ 
fied  protein  sufficiently  for  its  use  as  a  standard.  Type  A  toxin  crystallized  two 
times  possesses  2.4  X  108  ±20  percent  LD50  mouse  units  per  milligram  of  nitrogen, 
has  an  absorbance  of  10.67  per  milligram  of  nitrogen  in  a  I-centimeter  cell  at  278 
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•The  theoretical  number  includes  30  mice  for  range  finding.  The  number  used  in 
assay  yield  a  response  in  the  range  18  to  84  percent  to  gain  estimated  variability. 

millimicrons,  has  a  ratio  of  absorption  at  260  millimicrons  to  that  at  278  millimicrons 
of  0.5  to  0.52,  and  is  a  single  sedimenting  component  in  the  ukracentrifuge  with  a 
sedimentation  constant  of  17.3  S.  Although  the  physical  properties  are  in  no  way 
a  measure  of  the  toxicity,  they  define  the  purity  of  the  protein  upon  which  the 
toxidty  is  based. 

When  working  with  purified  toxin  in  our  laboratory,  we  have  used  the  absorp¬ 
tion  data  to  measure  the  toxin  concentration  of  a  solution.  The  absorbance  at  278 
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millimicrons  in  a  cell  with  a  light  path  of  1  centimeter  divided  by  the  factor  1.7 
gives  the  concentration  in  milligrams  of  type  A  toxin  per  milliliter. 

The  crystalline  toxin  dissolved  in  acetate  buffer  at  pH  3.8  has  maintained  its 
toxicity  for  a  year  or  more.  \Vc  rrci-ntly  found  that  storage  of  the  toxin  in  buffers 
containing  divalent  anions,  such  as  oxalate,  imparts  much  greater  stability  to  the 
crystalline  toxin  in  solution.-'3 

Another  method  of  assay  described  by  Cartwriglit  and  Lauffef31  uses  gold  fish 
and  is  a  <|t..mtal  assay  with  a  holding  period  of  36  hours. 

A  difficulty  we  liavc  encountered  on  occasions  in  the  assay  of  the  toxin  is  an 
unexplained  potentiation  to  the  extent  of  100-  to  1.000-fold.  This  potentiation  has 
been  observed  by  others  and  is  iliseusvsl  hy  Boor.  Tn-sselt.  and  Schaiitr.*1  Various 
proteinaceous  substances  such  as  serum,  meat  broth,  and  pi-ptones  have  hern  reported 
to  lie  the  cause.  Our  experience  indicated  tli.it  the  gelatin  used  in  the  buffers  may 
have  caused  tlh-  potentiation,  hut  if  it  was  I  lie  cause,  the  conditions  under  which  it 
acted  an-  not  known.  All  experiments  in  our  lit  orators'  to  test  the  potentiation  of 
various  substances  failed  to  sliow  any  markid  effect.  Gastric  mucin  showed  a  poten¬ 
tiation  of  threefold,  hut  certain  buffer  salts  in  the  absence  of  gelatin  lowered  the 
assay  X'aluc  to  ono-tmth  that  obtained  in  a  .gelatin  plmspbaie  buffer.  Wlx-n  one  ex* 
periences  a  potentiation  by  the  addition  of  a  particular  substance  to  the  medium 
used  for  assay,  it  is  difficult  to  determine  whether  the*  vahie  before  or  after  poten¬ 
tiation  should  lx*  taken  as  tlx-  correct  one.  Went/cl.  Sterne,  and  l’olson2*  expiiienccd 
a  markid  potentiation  1 5.000  times)  with  tlx*  type  D  toxin  when  using  a  gelatin- 
plxisphate  buffer,  ami  suggested  that  tlx*  buffer  may  cause  a  dissociation  of  the 
toxin  anil  thus  bring  alxmt  an  iiuroaso  in  specific  toxicity.  I  will  point  out  subse¬ 
quently  that  tlx*  toxin  can  lx*  dissociattd  into  small  units,  but  there  is  no  evidence 
that  the  specific  toxicity  is  increased  more  than  twofold  or  threefold  at  the  most. 

CHARACTERIZATION 

Some  properties  of  the  purified  txpi-s  of  Ixitulinum  toxin  arc  presented  in 
Table  2.  (Sis*  also  a  review  by  1  imanna.-'  )  G>ns''l«Tabk*  variation  exists  in  their 
molecular  xveights  and  spixifk  toxicities.  Rexiili-x  tlx*  ilifferrncvs  in  th<*ir  serological 
behavior,  tlx*  isolated  proteins  differ  in  their  chemical  and  physical  lx*havior.  As  far 
as  xve  know  all  of  the  purifitxl  t>pcs  are  simple  proteins  ami  possess  hemaggluti- 
nating  properties,  wluth  I  will  discuss  later.  Some  European  workers  hax'c  incli- 
catixl  that  type  E  toxin  is  a  lipoprotein. 

It  is  difficult  to  determine  the  purity  of  a  natural  product  of  this  type  but  certain 
criteria  have  Ix-on  uvxl  as  guidelines.  •  A  pn*para*ion  is  considered  lu'ghly  purified 
xvhen  it  acts  like  a  single  substance  in  the  toxin-antitoxin  reaction,  in  the  ultracentri¬ 
fuge,  and  ill  electrophoresis.  Since  the  toxin  has  a  strong  absorption  at  278  milli¬ 
microns  and  contains  no  nucleic  acids,  we  have  used  the  ratio  of  the  absorption  at 
260  millimicrons  to  that  at  27S  millimicrons  as  an  index  of  purity.  The  lowest  value 
attaimxl  thus  far  for  the  typo  A  is  0.3.  Experience  has  shoxvn  that  preparations  of 
typo  A  that  give  this  ratio  are  of  equal  purity. 

Most  of  the  studies  on  the  chemical  and  physical  properties  of  the  toxins  have 
been  carried  out  on  tlx-  typo  A  lx’causc  it  xvas  the  first  one  available  in  purified  form 
and  in  sufficient  quantity  for  tlx-se  studies.  The  crystals  oiifaincd  by  1-amanna,  McEI- 
roy,  and  Eklund33  and  by  Abrams.  Kcgelcs,  and  Hottle5  were  white  needles  about  100 
microns  in  length.  Kcgclcs.3'  and  Putnam,  I.anunna,  and  Sharp35-  30  studied  some 
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of  tin;  physical  properties  of  the  type  A  toxin  and  found  the  diffusion  coefficient 
(  D'jj*  „ )  to  he  about  2  x  10-f  cm1  sec-1  and  the  sedimentation  coefficient 
(s'jq*  9)  to  he  17.3  S.  On  the  basis  of  a  partial  specific  volume  of  0.75,  the  molecu¬ 
lar  weight  calculated  from  SJ0  and  DJ0  was  900,000.  The  isoelectric  point  was  found 
at  pH  5.6. 


Table  2  —  Conporiien  of  ion*  proportioi  Of  tHo  pvrifM  proporofiows  of  befotinoo  toxin. 


Type 

Molecular 

weight 

Specific  toxicity 
LD.  ,  per  gram* 

Estimated  purity 
of  preparation 

Form 

A 

900.000*> 

3.8  x  10"' 

>98 

Crystalline 

B 

Similar* 
to  A 

3  8  x  10'" 

>98 

Amorphorous 

C 

- 

0.7  s'  10"> 

P 

Amorphorocis 

D 

Similar'1 
to  A 

7.5  x  I0"> 

ca  90 

Amorphorous 

E 

19,000* 

0.6  x  10"> 

>90 

Amorphorous 

F 

- 

— 

- 

— 

•Calculated  for  the  toxin  on  the  basis  that  each  type  contains  18  percent  nitrogen 
(LD5n/mg  N  x  160) 

■‘Reference  30. 

•■References  1 1  and  5.  Lamanna  and  Classman  isolated  type  B  by  another  method  and 
from  sedimentation  data  suggested  the  molecular  weight  should  be  about  80.000. 
'■Reference  13. 

'•Reference  17. 

Buehler,  Schantz,  and  Lamanna11  studied  the  amino  acid  composition  of  the 
toxin  and  found  that  it  is  composed  of  amino  acids  only  and  therefore  is  a  simple 
protein.  They  found  *he  toxin  contained  16.2  percent  nitrogen  in  contrast  to  14.2 
percent  reported  by  Abrams.  This  difference  is  believed  to  he  due-  to  incomplete 
digestion  of  the  toxin  by  the  Kjeldahl  procedure  when  a  copper  catalyst  is  used 
as  recommended  for  other  proteins.  Use-  of  a  mercury  catalyst  and  completion  of  the 
oxidation  with  a  peroxide  yielded  the  higher  value  of  16.2.  This  would  indicate  that 
the  toxin  possesses  a  structure  that  is  more  difficult  to  oxidize  completely  than  that 
possessed  by  proteins  in  general.  The  analyses  for  the  amino  acids  were  performed 
by  mic  robiological  assay,  and  since  the  organisms  used  were  only  the  natural  isomers 
of  amino  acids,  it  is  assumed  that  the  toxin  is  composed  of  L-amino  acids.  The 
configuration  of  tryptophan  and  aspartic  acid  could  not  he  ascertained,  however, 
because  of  the  methods  used  for  hydrolyses.  Table  3  shows  the  apparent  number  of 
moles  of  amino  acid  residues  in  a  mole  toxin  having  a  molecular  weight  of  900,000. 
The  total  nitrogen  content  of  16.2  percent  was  completely  accounted  for  in  the 
19  ac  ids  listed.  Also  the  total  sulfur  of  0.436  percent  was  completely  accounted  for 
in  the  c  yste  ine',  half-cystine,  and  methionine  content.  Cysteine  is  the  limiting  amino 
acid  and  a  cab  illation  of  the-  molecular  weight  on  this  basis  gave  a  value  of  45,000 
or  l/20th  of  the-  molecular  weight  of  900,000. 

Further  studies  r.f  the  amino  acid  analysis  of  the  toxin  have  been  made  by 
Stcfanyc  et  al.::1  using  the  chromatographic  techniques  of  Spademan,  Stein,  and 
Moore.1-  The  results  of  these  analyses  are  in  general  agreement  for  14  of  the  amino 
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adds,  but  some  chance  may  be  made  in  the  values  for  tyrosine,  phenylalanine,  tryp¬ 
tophane,  serine,  and  glycine. 


Tobi*  3  —  Apparent  number  at  males  ol  amino  acid  residues  per  male  of  Clo tiridivm  batwliowes 

type  A  toxin.* 

(Met  Wt  ~  900,000) 


Lysine 

477 

Glutamic  acid 

953 

Histidine 

60 

Asparagine 

1,370 

Arginine 

239 

Serine 

374 

Tyrosine 

672 

Threonine 

642 

Phenylalanine 

64 

Cysteine 

20 

Tryptophan 

82 

Half-cystine 

40 

Valine 

406 

Methionine 

64 

Leucine 

708 

Proline 

203 

Isoleucine 

820 

Glycine 

166 

Alanine 

394 

Total  residues  . 

. 

. 7,754 

■Reference  31. 


Attempts  to  explain  the  high  toxicity  of  the  molecule  on  the  basis  of  its 
chemical  and  physical  properties  or  its  chemical  composition  have  not  been  fruitful. 
No  prosthetic  group  was  fount!  that  totild  be  disassociated  from  the  protein, 
although  one  composer!  of  amino  acids  might  exist  and  this  possibility  should  not  be 
overlooked  in  future  studies. 

Boroff  and  Fitzgerald  and  Boroff 14  found  that  in  many  cases  where  the  toxicity 
of  the  molecule  was  destroyed  by  treatment  the  fluorescence  was  also  lost.  Their 
interpretation  of  this  phenomenon  was  that  toxicity  and  fluorescence  were  invested 
in  a  common  structure  and  fluorescence  was  a  measure  of  toxicity.  Schantz,  Stefanye, 
and  Spero33  found  that  treatments  that  destroy  toxicity  usually  destroy  fluorescence, 
but  in  6  M  urea  the  toxin  is  destroyed  without  loss  of  fluorescence.  These  data  indi¬ 
cate  that  toxicity  and  fluorescence  depend  upon  different  bonds  or  structures  and 
that  fluorescence  is  not  a  direct  measure  of  toxicity. 

Distortion  of  the  molecule  by  spreading  on  a  large  surface31-  or  treatment  with 
6  M  urea  at  room  temperature3'-  causes  a  complete  loss  of  toxicity.  Dialysis  of  the 
urea  from  the  protein  does  not  bring  about  a  return  of  any  of  the  toxicity.  Weil  et 
al.3*  found  that  toxicity  is  destroyed  by  photo-oxidation  in  the  presence  of  methy¬ 
lene  blue. 

Schantz  anti  Spero38  studied  the  reaction  of  the  toxin  w-ith  ketene  and  found  that 
it  was  readily  detoxified  with  this  reagent.  When  5  percent  of  the  free  amino  groups 
had  reacted  with  the  ketene,  43  percent  of  the  toxicity  was  lost,  and  when  19  percent 
of  the  amino  groups  had  reacted,  98  percent  of  the  toxicity  had  disappeared.  Re¬ 
action  of  the  ketene  with  the  phenolic  hydroxy  and  free  su'fhydryl  groups  did  not 
appear  to  affect  the  toxicity.  Spero  and  Schantz30  found  that  deamination  of  the 
toxin  with  nitrous  acid  caused  a  rapid  detoxification,  which  was  interpreted  as  being 
due  to  deamination.  Spero40  found,  on  the  basis  of  a  thermodynamical  considera- 


Sehantz 


97 


Uoa,  that  the  decrease  in  toxicity  due  to  an  increase  in  pH  is  associated  with  the 
ionization  of  a  small  number  of  the  £  -amino  groups  of  lysine.  The  arrcrouUtion 
of  evidence  thus  far  definitely  indicates  that  the  toxicity  is  a  result  of  a  particular 
conformation  (coiling  and  folding)  of  the  molecule,  in  which  the  free  amino  groups, 
at  least,  are  involved. 

Studies  of  the  stability  of  the  toxin  showed  that  it  is  readily  denatured  by  heat, 
strong  alkali,  and  many  oxidizing  agents.  Cartwright  and  l-auffer41  found  that  the 
toxin  in  solution  at  pH  6  9  could  he  heated  at  40*C  for  1  hour  without  low  of  tox¬ 
icity,  but  at  50'C  or  above  a  rapid  detoxification  took  place  within  minutes.  These 
data  are  illustrated  in  Figure  3.  The  thermal  inactivation  curves  presented  by  these 
investigators  indicate  that  the  toxin  splits  into  two  components,  each  having  its  own 
rate  of  inactivation  Spero40  found  that  the  toxin  dissolved  in  buffered  solutions  at  a 
temperature  of  15'C  and  up  to  pH  10.58  were  very  stahlr  for  at  least  3  hours,  hut 
50  percent  of  the  toxicity  was  lost  at  pH  10.79  in  15  minutes,  and  90  percent  or 
more  of  the  toxicity  was  lost  at  pH  11.2  in  1  to  2  minutes.  These  data  arc  illustrated 
in  Figure  4. 


Figure  3  —  Thermal  inactivation  curves  for  botulinvm  toxin,  type  A.  at  several  temperatures. 

Reference  41.  (Courtesy  of  Society  tor  Experimental  lietogy  and  Medicine.) 

An  important  question  often  raised  regarding  the  type  A  toxin  is  the  possi¬ 
bility  of  this  large  molecule  (mol  wt  900,000)  dissociating  into  smaller  units.  It  is 
difficult  to  understand  how  a  molecule  of  this  size  could  pass  through  the  intestinal 
wall  and  through  the  various  body  membranes  to  the  ate  of  action  "•  agman  and 
Bateman42,  *•’  and  Wagman  44  were  the  first  to  demonstrate  in  the  ultra  centrifuge 
jat  the  molecule  under  the  proper  conditions  of  pH  and  ionic  strength  dissociates 
ito  small  toxic  units.  Toxin  dissolved  in  buffers  in  the  pH  range  6.5  to  8.0  and  ionic 
strength  0.13  and  above  gradually  dissociates  into  slowly  sedimenting  units  with 
molecular  weights  from  40,000  to  100,000. 
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«igur«  4  —  Th«  inactivation  at  botulinum  taiin,  typo  A,  al  )5’C  ol  Hvctol  pH  valwat.  tafar- 

•nca  40. 

Soon  after  Lamnnna  obtained  the  tape  A  in  crystalline  form  and  it  was  found 
to  he  homogenous,  he  also  discovered  that  it  possessed  hemagglutinating  properties45 
and  that  these  properties  could  be  retained  without  retention  of  tonicity.4"’ 4T  The 
molecule  therefore  performs  two  functions  that  are  apparently  due  to  different  struc¬ 
tures  in  the  molecule.  Since  the  molecule  dissociates  into  small  toxic  units  under 
the  proper  conditions,  the  question  is  raised  as  to  whether  the  small  units  are  iden¬ 
tical  toxic  pieces  that  polymerize  to  form  a  large  unit  with  hemagglutinating  proper¬ 
ties  or  whether  some  of  the  pieces  possess  toxic  properties  anil  others  possess  hem.ig- 
glutinating  properties.  Sufficient  data  to  answer  these  questions  definitely  are  not 
available  at  this  time.  In  our  laboratories  we  have  attempted  to  measure  the  diffusion 
rate  of  toxicity  and  hemagglutination  in  agar  gel  and  have  found  that  the  toxu  ity 
moves  much  faster  than  the  hemagglutinating  properties  In  these  experiments  the  on- 
centration  was  0,05  millogram  per  milliliter  in  0.1  M  phosphate  buffer  at  pH  fi  H.  The 
estimated  molecular  weight  of  the  toxin  based  on  the  diffusion  rate  was  betwi-en 
10,000  and  20,000. 46  Hecklcy,  Hildebrand,  and  Lamanna48  studied  the  vdimenta- 
tion  rate  of  the  toxic  activity  in  lymph  of  orally  poisoned  rats  and  concluded  that 
the  size  of  the  molecule  in  the  lymph  must  be  much  smaller  than  that  fed  to  the 
animals.  Biesen,  Sumyk,  and  Hawrylewicz5'*  have  shown  that  the  tovin  dissociates 
to  some  extent,  at  least,  into  small  units  when  treated  for  4  hours  in  0.1  N  hydro¬ 
chloric  acid  and  that  these  small  units  can  be  separated  from  the  remaining  undis¬ 
sociated  toxin  under  the  proper  conditions  on  Sephadcx  columns.  Recently  Wag- 
man51  obtained  a  toxic  dialyzable  unit  that  has  a  molecular  weight  of  3,800  from  a 
pepsin  digest  of  toxin  previously  treated  in  alkali  at  pH  about  9.  The  yields  of  the 
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small  toxic  unit  were  wry  low,  but  the  studies  indicate  a  poasible  means  of  liberating 
the  toxic  entity  of  the  molecule.  The  existence  of  a  toxic  unit  of  this  «m»n  size 
would  mean  that  all  units  that  might  be  cleaved  from  the  large  toxin  molecule  could 
not  be  representative  of  the  parent  molecule  because  of  the  limiting  amount  of  cys¬ 
teine  residues.  This  means  that  the  characterization  and  structure  determination  of 
the  toxic  entity  must  await  the  purification  of  these  small  dissociated  or  cleaved 
units  in  sufficient  quantity  for  these  studies,  hi  our  laboratories  at  Fort  Detrick 
see  have  prepared  many  grams  of  the  crystalline  toxin  with  the  hope  of  accomplish¬ 
ing  this  interesting  task. 
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DISCUSSION  FROM  THE  FLOOR 

Dr.  Scltants:  Dr.  Foster  has  asked  about  the  European  workers  who  published 
that  the  type  E  toxin  is  a  lipoprotein.  As  far  as  we  know  from  our  work  all  types  are 
simple  proteins. 

Dr.  Dolman:  I  have  no  evidence  of  the  lipoprotein  hypothesis.  I  find  it  most 
interesting  that  the  type  A  molecule,  whose  molecular  weight  approaches  a  million, 
was  very  difficult  to  reconcile  with  its  absorption  and  «i*h  an  observation  made 
during  the  war  by  two  Canadian  workers  at  Kingston  that  <  -ystalline  type  A  toxin 
was  not  toxic  for  mice  by  mouth.  There  is  a  possibility  that  the  toxin  can  be  split  into 
active  components  having  molecular  weights  of  the  order  of  20,000  to  70,000.  This 
is  much  more  physiologically  acceptable  and  is  to  be  correlated  with  our  own  un¬ 
published  findings  that  the  t\pe  E  molecule  seems  to  have  a  molecular  weight  of 
only  19,000.  There  is  no  evidence  in  our  work  of  a  lipoprotein  structure. 

Dr.  Lamanna:  With  type  A  toxin,  a  dcse  perhaps  50.000  times  larger  is  required 
to  kill  mice  by  mouth  than  by  IP  injection. 

Dr.  D.  A.  Boroff:  I  wish  to  side  with  Dr.  Lamanna  with  regard  to  oral  toxicity. 
The  crystalline  toxin  is  toxic  to  mice.  In  my  opinion,  only  10  rimes  the  IP  dose  is 
necessary  to  kill  the  mouse  by  mouth. 

Now,  I  should  like  to  make  a  number  of  other  comments  about  Dr.  Sihantz’s 
splendid  presentation.  I  was  glad  to  hear  that  fluorescence  is  used  for  the  estimation 
of  the  purity  of  the  toxin  in  solution,  and  that  the  intravenous  route  is  useful  for  a 
rapid  estimation  of  toxicity.  I  should  also  like  to  comment  about  hydrogen  bonds  and 
their  importance  in  toxicity.  The  present  concept  of  combining  sites  is  not  that  one 
amino  acid  or  a  number  of  amino  acids  strung  side  by  side  make  up  a  combining 
site:  ii  is  that  a  group  of  amino  acids  may  be  in  the  same  peptide  chain  or  in  the 
distal  peptide  chains,  brought  together  by  a  hydrogen  bond  into  a  configuration 
that  makes  up  a  reactive  site.  If  we  break  that  !x>nd  and  stretch  the  molecule  of 
protein,  we  then  destroy  the  special  configuration  of  the  molecule  and.  therefore, 
may  destroy  its  activity. 

We  have  roccntlv  completed  a  piece  of  work  on  the  toxin  Dr.  Schantz  so 
kindly  gave  us,  regarding  the  role  of  tryptophan  in  making  the  molecule  toxic.  The 
cr>  stalline  toxin  is  the  only  preparation  worthwhile  working  with,  from  the  stand¬ 
point  of  purity,  and  we  have  tried  to  determine  the  significance  of  certain  amino 
acids  within  the  molecule  of  the  toxin.  Our  attention  was  attracted  to  tryptophan 
because  fluorescence  depends  on  this  amino  acid.  Whenever  we  destroyed  fluores¬ 
cence  we  destroyed  the  toxicity  as  well.  Also,  tryptophan  is  needed  in  relatively 
large  amounts  in  the  culture  medium  for  toxin  production.  Another  {mint  is  that 
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there  is  a  peculiar  property  of  serotonin  that  reduces  the  effect  of  the  toxin  when 
injected  prior  to  the  toxin.  I  do  not  want  to  go  into  the  mechanism,  but  serotonin 
is,  as  you  know,  a  derivative  of  tryptophan.  All  this  evidence  directed  our  attention 
to  tryptophan  as  an  active  amino  acid  in  the  toxin.  We  attempted  to  destroy  the 
tryptophan  in  the  intact  molecule:  the  only  method  we  found  was  photooxidation, 
which  Dr.  Schantx  has  tried  so  successfully  in  cooperation  with  Dr.  WeiL  Only  the 
tryptophan  is  destroyed  by  photo-oxidation  if  the  pH  is  3.5.  We  came  to  the  con¬ 
clusion  that  when  we  destroyed  28  moles  of  tryptophan  out  of  about  80  in  the  mole¬ 
cule  of  900,000  molecular  weight,  a  considerable  amount  of  toxicity  was  lost.  When 
we  destroyed  about  56  moles  of  tryptophan,  see  lost  99  percent  of  the  toxicity. 

One  more  thing  of  interest  is  the  stability  of  the  toxin.  It  has  been  said  that  if 
you  allow  the  toxin  to  warm  up  the  toxicity  is  lost.  My  assistant  once  left  the  toxin 
on  the  table  and  forgot  to  put  it  in  the  icebox.  To  our  great  surprise,  this  sample 
showed  a  higher  titer  than  the  sample  kept  in  the  icebox.  Now,  we  routinely  warm 
up  the  toxin  to  room  temperature  before  we  test  it. 
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